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$i \hslash\frac{d\psi(t)}{dt}=H\psi(t)$ , $\hslash=$ /2 $\pi$ , (1.2)
(1.2) Dirac
$H$ $4\cross 4$ 2
2 $H$ ( )






FWT $4\cross 4$ $H$
$H=m\beta+\mathcal{E}+\mathcal{O}$ , (2.1)
$\beta,$ $\mathcal{E},$ $\mathcal{O}$ $4\cross 4$
$\beta=(\begin{array}{ll}I_{2} 0_{2}0_{2} -I_{2}\end{array})$ , $\mathcal{E}=(\begin{array}{l}0_{2}*20_{2}*2\end{array})$ , $\mathcal{O}=(\begin{array}{l}0_{2}*20_{2}*2\end{array})$ (22)
$I_{2}$ $2\cross 2$ $*2$ $2\cross 2$ 02 $2\cross 2$
(2.1) 1 $m$
FWT (2.1)




$e^{iS}He^{-iS}=H+i[S, H]+ \frac{i^{2}}{2!}[S, [S, H]]+\cdots+\frac{i^{n}}{n!}[S, [S, \cdots, [S, H]\cdots]]+\cdots$ (2.4)
$-2-$
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$S=-i \frac{\beta \mathcal{O}}{2m}$ (2.6)
$O(1/m)$ FWT $\tilde{H}$
$\tilde{H}$
$=$ $H+i[S, H]-[S, [S, H]]/2-i[S, [S, [S, H]]]/6+\cdots$
$=$ $m\beta+\tilde{\mathcal{E}}+\tilde{\mathcal{O}}$
$\tilde{\mathcal{E}}$ $\tilde{\mathcal{O}}$




1. $H$ $(m\beta)$ $(\mathcal{E})$ $(\mathcal{O})$
2. O- $e^{iS}$ $S$ $O(1/m)$
3. $\tilde{H}$ $H=\tilde{H}$








$\beta=(\begin{array}{ll}I_{jj} 0_{jk}0_{kj} -I_{kk}\end{array})$ , $\mathcal{E}=(\begin{array}{ll}*jj 0_{jk}0_{kj} *kk\end{array})$ , $\mathcal{O}=(\begin{array}{ll}0_{jj} *jk*kj 0_{kk}\end{array})$ (3.1)
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: $n\cross n$ , $H$ ; , $\epsilon$
Step.1 $p:=0$ ; $H_{p}$ $:=H$ ;
Step.2 $H_{p}$ $m\beta+\mathcal{E}_{p}+\mathcal{O}_{p}$
Step.3 $\mathcal{O}_{p}$ $<\epsilon$ $m\beta+\mathcal{E}_{p}$ Step.4
Step.4 $S_{p}$ $\mathcal{O}_{p}+i[S_{p}, m\beta]$
$S_{p}$ $:=-i\beta \mathcal{O}_{p}/2m$ (3.2)
Step.5 $\text{ _{}--}$
$H_{p+1}$ $:=H_{p}+i[S_{p}, H_{p}]-[S_{p}, [S_{p}, H_{p}]]/2-\cdots+i^{q}[S_{p}, [S_{p}, \cdots, [S_{p}, H_{p}]\cdots]]/q!$
(3.3)
Step.6 $p:=p+1$ ; Step.2 $\text{ _{ }}$
Step.2 $n\cross n$ $H$
$H=(\begin{array}{ll}A_{jj} Q_{jk}R_{kj} B_{kk}\end{array})$ , $R_{kj}=Q_{j_{k}}^{*}$ ( )
(3.1)
$H=m\beta+(\begin{array}{ll}(A-mI)_{jj} 0_{jk}0_{kj} (B+mI)_{kk}\end{array})+(\begin{array}{ll}0_{jj} Q_{jk}R_{kj} 0_{kk}\end{array})$
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$H=(\begin{array}{ll}10 11 -10\end{array})$ , $\epsilon=10^{-7}$ , $m=10$
$\sqrt{101}\simeq\pm 10.04987$
$H_{0}=H$ , $\beta=(\begin{array}{l}010-1\end{array})$ , $\mathcal{E}_{0}=(\begin{array}{ll}0 00 0\end{array})$ , $\mathcal{O}_{0}=I(01$ $01)$
$S_{0}=-i \frac{\beta \mathcal{O}_{0}}{2m}=$ $i(\begin{array}{ll}0 -1/201/20 0\end{array})$
$H_{0}+i[S_{0}, H_{0}]=$ $(\begin{array}{ll}101/10 00 101/10\end{array})$
$H_{0}+i[S_{0}, H_{0}]-[S_{0}, [S_{0}, H_{0}]]/2=$ $(\begin{array}{ll}201/20 -1/200-1/200 -201/20\end{array})$
(3.3) $q$
$q$
110.1 $(=$ 101/10 $)$ $0$
21005 $(=$ 201/20 $)$ 0.005 $(=$ 1/200 $)$





$H_{1}+i[S_{0}, H_{0}]-[S_{0}, [S_{0}, H_{0}]]/2=$ $(\begin{array}{ll}201/20 -1/200-1/200 -201/20\end{array})$
$-S-$
$l6$
$\mathcal{O}_{1}=(\begin{array}{ll}0 -1/200-1/200 0\end{array})$ , $S_{1}=i(\begin{array}{ll}0 -1/40001/4000 0\end{array})$
$q=2$ $H_{2}$ $H_{3}$





$H=(\begin{array}{ll}A QQ B\end{array})$ $=(\begin{array}{ll}m+P QQ -m+R\end{array})$
$m>0$
$m>|P|,$ $|R|,$ $|Q|$
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